Introduction {#Sec1}
============

Cardiovascular fibrosis, a vital cause of heart failure (HF), refers to the development of scar tissue in the injured heart and blood vessels due to an aberrant wound-healing response to injury or insult, and arises from enhanced inflammatory processes, uncontrolled cell proliferation and excessive oxidative stress \[[@CR1]--[@CR3]\]. Established fibrosis is a hallmark of chronic disease progression and a key contributor to cardiovascular stiffness and injury of the heart and vessels, ultimately leading to HF and vascular dysfunction \[[@CR1]--[@CR4]\]. Since wound healing and fibrotic responses to myocardial and vascular injury are multifactorial processes, current therapies that specifically target factors that contribute to only cardiovascular disease pathogenesis offer limited overall anti-fibrotic efficacy \[[@CR3]\]. Fibrosis-induced cardiovascular remodeling and injury are growing problems for improving strategies to prevent the development of fibrosis and reduce the mortality of HF \[[@CR1]--[@CR3]\].

MicroRNAs (miRs) are non-protein-encoding RNAs with a length of 21--25 bases, that degrade mRNA or bind the 3′ noncoding regions (UCRs) of their target genes with incomplete complementarity and regulate gene expression at the posttranscriptional level \[[@CR1], [@CR5], [@CR6]\]. MiR-122 may be a sensitive and strong predictor of cardiovascular injury and failure in patients with fibrosis. Although the biological functions of miR-122 are still largely unknown, miR-122 has been shown to regulate cardiovascular inflammation, autophagy, apoptosis, oxidative stress, fibrosis and dysfunction \[[@CR1], [@CR5], [@CR7]--[@CR9]\]. MiR-122 exerts different and even opposing regulatory effects on the cardiovascular system and binds its target genes to control the levels of pro-inflammatory and fibrotic factors \[[@CR1], [@CR5]--[@CR7]\]. Notably, miR-122 functions as a risk biomarker of cardiovascular fibrosis and appears to be a direct participant in the development of cardiovascular diseases, including hypertension, atherosclerosis, HF, myocardial infarction (MI) and atrial fibrillation (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR1], [@CR5]--[@CR9]\]. In this review, we highlight the developments and latest advances concerning the biogenesis and biological effects of miR-122 signaling and the regulatory roles of miR-122 in cardiovascular fibrosis and dysfunction.Fig. 1Central roles of miR-122 in HF, hypertension, MI, atherosclerosis and atrial fibrillation. MiR-122 has been shown to promote apoptosis, inflammation, fibrosis, pathological hypertrophy and remodeling in the cardiovascular system; decrease the LVEF, LVFS and cardiac contractility; and increase NT-proBNP and ROS generation, leading to arrhythmia and cardiovascular dysfunction. Therefore, miR-122 can cause cardiovascular fibrosis and heart dysfunction, ultimately resulting in hypertension, atherosclerosis, MI and HF. *MI* myocardial infarction, *HF* heart failure, *ROS* reactive oxygen species, *LVFS* left ventricular fractional shortening, *LVEF* left ventricular ejection fraction

Biogenesis and Biological Effects of MiR-122 {#Sec2}
============================================

MiR-122 is located on chromosome 18, from which the \~ 4.5 kb pre-miR-122 is generated, after which pre-miR-122 is processed to mature miR-122, which moves from the nucleus to the cytoplasm \[[@CR7]\]. The promoter region of miR-122 is highly conserved and located approximately 5 kb upstream of the conserved stem-loop sequences in miR-122, which include large nuclear receptor factor-binding sequences, such as the TATA-box and CCAAT-box \[[@CR8]\]. Notably, sirtuin 6 (SIRT6), a miR-122 target gene, is important regulator of cardiovascular fibrosis, remodeling and dysfunction \[[@CR1]\]. Intriguingly, SIRT1, SIRT6, Apelin (APLN), Apelin receptor (APLNR) and forkhead box O3 (FOXO3) were identified as miR-122 target genes (Fig. [2](#Fig2){ref-type="fig"}). The predicted interactions between miR-122 and the abovementioned targets were analyzed through the miRs target gene prediction website (<https://www.microrna.org>). Both miR-122-3p and miR-122-5p are widely expressed in endothelial cells (ECs), cardiomyocytes (CMs), cardiac fibroblasts (CFs), adipocytes, vascular smooth muscle cells (VSMCs) and adventitial fibroblasts (AFs) in the cardiovascular system (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR1], [@CR6], [@CR9], [@CR10]\]. Recently, administration of a miR-122 inhibitor was shown to reduce the key transforming growth factor-β (TGF-β)-induced fibrotic signaling pathway, promotes collagen synthesis and stimulates fibrinogenesis, consequently resulting in the accumulation of fibroblasts and extracellular matrix (ECM), in hypertension and cardiovascular diseases \[[@CR2], [@CR3], [@CR9], [@CR11]\]. In our previous study, we observed cardiovascular fibrosis, systolic dysfunction, cardiovascular remodeling and dysfunction in rats after transverse aortic constriction (TAC) or angiotensin II (Ang II) stimulation, and these effects were associated with increased levels of miR-122-5p, and reduced levels of SIRT6, elabela (ELA), angiotensin-converting enzyme 2 (ACE2) and phosphorylated adenosine 5 '-monophosphate-activated protein kinase (AMPK) (Table [1](#Tab1){ref-type="table"}) \[[@CR1], [@CR2], [@CR6]\]. In uric acid-treated HK-2 tubular epithelial cells, treatment with miR-122 mimics markedly increased NLRP3 inflammasome activation by increasing the levels of BRCA1/BRCA2-containing complex 3 (Table [1](#Tab1){ref-type="table"}) \[[@CR12]\]. Intriguingly, miR-122-5p was found to accelerate ischemic reperfusion (I/R) injury-induced renal damage, through increased fibrosis, inflammation, and apoptosis, and promote renal dysfunction \[[@CR13]\]. In a rat model of renal I/R injury, supplementation with a miR-122 inhibitor prevented apoptosis and reactive oxygen species (ROS) generation through modulating phosphatase and tensin homolog (PTEN)/ phosphoinositide 3-kinase (PI3K)/Akt pathway activity (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR13]\]. Conversely, levels of the proinflammatory cytokines tumor necrosis factor-α (TNF-α) and the number of macrophages (F4/80^+^CD11b^+^) were reduced in miR-122 knockout (KO) mice, suggesting that miR-122 deficiency inhibited inflammation and tissue damage \[[@CR14]\]. In L02 cells pretreated with oleic acid, treatment with a miR-122 inhibitor mitigated lipid accumulation and inflammation through repressing the TLR4/myeloid differentiation primary response gene 88 (MyD88)/ nuclear factor-кB (NF-кB) p65 pathway (Table [1](#Tab1){ref-type="table"}) \[[@CR15]\]. MiR-122 levels were elevated in a mouse model of lung fibrosis, and this increase was linked with enhanced inflammation and pulmonary vascular remodeling \[[@CR16]\]. Importantly, miR-122 functions as a predictive marker of fibrosis and appears to stimulate the inflammation and oxidative stress in the heart, blood vessels and liver \[[@CR1], [@CR6], [@CR8], [@CR11], [@CR15]\]. MiR-122 has been found to increased levels of the fibrotic factors collagen 1α1, collagen 1α2 and TGF-β1 and the proinflammatory factor monocyte chemoattractant protein-1 (MCP-1) \[[@CR15]\]. Collectively, these results reveal that miR-122-5p plays critical roles in the controlling cardiovascular fibrosis, inflammation, apoptosis, myocardial remodeling and dysfunction by activating the TGFβ1-CTGF, MyD88/NF-кB and PTEN/PI3K/Akt signaling pathways (Fig. [3](#Fig3){ref-type="fig"}).Fig. 2Schematic diagram of the activities, and target genes of miR-122 and potential miR-122-binding sites in these target genes. **a** Schematic diagram showing the mechanism of miR-122. **b** APLN, APLNR, SIRT1, SIRT6 and FOXO3 were identified as miR-122 target genes by the use of the publicly available bioinformatics tool Microcosm Targets and microRNA.org. The predicted interactions between miR-122 and the abovementioned targets were shown and analyzed with a miR target gene prediction website (<https://www.microrna.org>). **c** The sequence of miR-122 is highly conserved in humans, mice and rats. *FOXO3* forkhead box O3, *SIRT1* sirtuin 1, *SIRT6* sirtuin 6, *APLN* Apelin, *APLNR* Apelin receptorTable 1The regulatory roles and underlying mechanisms of miR-122 in cardiovascular fibrosis, dysfunction and related diseasesExperimental modelExperimental interventionEffectsReferencesRat AFs pretreated with Ang IImiR-122 mimic↓SIRT6, ELA, ACE2 level↓Beclin-1, LC3II, autophagy↑P62, p-mTOR↑Cellular migration, oxidative stress\[[@CR1]\]Rat AFs pretreated with Ang IImiR-122 inhibitor↑ p-AMPK, LC3II↓ P62, p-mTOR; IL-18, IL-33↑Autophagy↓Apoptosis, ROS production\[[@CR1]\]Rats with TACApelin-13 orIrbesartan↓miR-122 levels↓TGFβ1/CTGF/collagen I/III↓aortic fibrosis\[[@CR6]\]Rat AFs pretreated with Ang IImiR-122 inhibitor↓TGFβ1/CTGF↓LGR4/β-catenin↓Apoptosis, cellular migration\[[@CR6]\]Patients with HF and CKD\_\_↑miR-122 levels↑TGF-β1↑renal fibrosis\[[@CR9]\]Renal tubular epithelial HK-2 cellsmiR-122 mimics↑NLRP3 inflammasome↑Inflammation\[[@CR12]\]SD rats with renal ischemia--reperfusionmiR-122 inhibitor↑PTEN/PI3K/Akt↓ROS production\[[@CR13]\]MiR-122KO mice\_\_↑TNF-α↑F4/80^+^CD11b^+^\[[@CR14]\]L02 cells pretreated by oleic acidmiR-122 inhibitor↓TLR4/MyD88↓NF-кB p65\[[@CR15]\]Ang II induced hypertensive mice\_\_↑miR-122, Bach-1, MCP-1↓HO-1↑Collagen deposition and fibrosis\[[@CR17]\]NRVMsmiR-122 mimics↓FoxO3↑Calcineurin, ANP, BNP↑hypertrophy, remodeling\[[@CR18]\]Younger patients with hypertension\_\_↑miR-122 levels↑Endothelial dysfunction↓CAT-1\[[@CR19]\]Patients with BAV\_\_↑ miR-122,TGF-β1, VEGF levels↑Valvular dysfunction↑Apoptosis; ECM remodeling\[[@CR20]\]Patients with HF\_\_↑miR-122, NT-proBNP levels↑Heart dysfunction\[[@CR21]\]Ligation of LAD in SD ratsAnti-miR-122↓Infarct Size↑LVFS; LVEF\[[@CR22]\]OGD-induced H9C2 cellsmiR-122 mimics↑AKT/GSK-3β/β-catenin↓Apoptosis, epicardial expansion↓Epithelial-mesenchy↑Cardiac dysfunction\[[@CR23]\]OGD-induced H9C2 cellsmiR-122 inhibitor↑JNK/p38MAPK↓mTOR; Apoptosis↑Cell viability\[[@CR24]\]Mice with atrial fibrillationmiR-122 inhibitor↑ Bcl-x↓ Caspase-3; p-ERK1/2\[[@CR25]\]*ACE2* angiotensin converting enzyme 2, *AMPK* adenosine 5′-monophosphate-activated protein kinase, *AFs* adventitial fibroblasts, *CFs* cardiofibroblasts, *CKD* chronic kidney disease, *ERK* extracellular regulated protein kinases, *HF* heart failure, *KO* knockout, *SIRT6* sirtuin 6, *ELA* elabela, *OGD* oxygen--glucose deprivation, *NLRP3* nod-like receptor protein 3, *LGR4* leucine-rich repeat-containing G protein-coupled receptor 4, *GSK-3β* glycogen synthase kinase-3β antibody, *PTEN* gene of phosphate and tension homology deleted on chromosome ten, *PI3K* phosphatidylinositol 3-kinase, *Akt* serine/threonine protein kinase, *CTGF* connective tissue growth factor, *mTOR* mammalian target of rapamycin, *NRVMs* neonatal rat ventricular cardiomyocytes, *TAC* transverse aortic constriction, *TGF-β1* transforming growth factor-β1, *FOXO3* forkhead box O3, *Bach-1* BTB and CNC homology 1, *HO-1* heme oxygenase1, *MCP-1* monocyte chemotactic protein 1, *TNF-α* tumor necrosis factor α, *LAD* left anterior descending artery, *LVFS* left ventricular fractional shortening, *LVEF* left ventricular ejection fraction, *ROS* reactive oxygen speciesFig. 3The regulatory roles and underlying mechanisms of miR-122 in cardiovascular remodeling, fibrosis and dysfunction. MiR-122 plays a role in regulating cell growth, survival, inflammation, ECM deposition, pathological remodeling, cardiovascular fibrosis and dysfunction in RRTECs, HAECs, NRVMs, CMs, AFs, CFs, and HK2 cells by modulating the ANRIL-BRCC3, FOXO3-Calcineurin, Bach-1/HO-1, TGFβ-CTGF-NFAT5 and PTEN-PI3K-Akt signaling pathways, respectively. Furthermore, the inhibition of miR-122 has been shown to modulate cardiac contractility, autophagy, apoptosis, and oxidative stress by regulating of the SIRT6-ELA-ACE2, GATA4-Bax, XIAP-ERK-Caspase, and LGR4-β-catenin signaling, respectively. *ACE2* angiotensin-converting enzyme 2, *AFs* adventitial fibrotic cells, *CFs* cardiofibroblasts, *CMs* cardiomyocytes, *HAECs*, Human aortic endothelial cells, *NRVMs* neonatal rat cardiomyocytes, *RRTECs* rat renal tubular epithelial cells, *HK2 cells* human renal tubular epithelial cells, *ANRIL* antisense non-coding RNA in the INK4 locus, *BRCC3* BRCA1/BRCA2-containing complex subunit 3, *NLRP3*nod-like receptor protein 3, *PTEN* gene of phosphate and tension homology deleted on chromosome ten, *PI3K* phosphatidylinositol 3-kinase, *TGF-β* transforming growth factor-β, *CTGF* connective tissue growth factor, *NFAT5* nuclear factor of activated T-cell-5, *LGR4* leucine-rich repeat-containing G protein-coupled receptor 4, *ROS* reactive oxygen species, *mTOR* mammalian target of rapamycin, *ECM* extracellular matrix, *AMPK* adenosine 5 '-monophosphate-activated protein kinase, *GATA4* GATA binding protein 4, *SIRT6* sirtuin 6, *ELA* elabela, *ERK* extracellular signal-regulated kinase, *XIAP* X-linked inhibitor of apoptosis protein, *FOXO3* forkhead box O3, *Bach-1* BTB and CNC homology 1, *HO-1* heme oxygenase1, *MCP-1* monocyte chemotactic protein 1

MiR-122, and Cardiovascular Fibrosis and Remodeling {#Sec3}
===================================================

Cardiovascular fibrosis contributes to cardiac or arterial stiffening, endothelial dysfunction, wall thickening, reduced dispensability, and coronary atherosclerotic stenosis, leading to hemodynamic damage, the destruction of cardiovascular tissues and HF \[[@CR2], [@CR26]--[@CR29]\]. A variety of alterations in the interstitial myocardial collagen network, macrophages, CMs, CFs, ECs and vascular cells are closely linked with fibrillar alteration in the heart. At the molecular and cellular levels, cardiovascular fibrosis is linked with reduced nitric oxide release, increased ROS generation, the activation of transcription factors, the stimulation of proinflammatory and profibrotic pathways, increased collagen deposition and ECM remodeling \[[@CR1], [@CR3], [@CR28]--[@CR31]\]. Inflammation and oxidative stress seem to be positively associated with remodeling processes, ultimately contributing to cardiac dilation and dysfunction \[[@CR13], [@CR29]\]. MiRs participate in regulating cell proliferation, migration, differentiation, and apoptosis and function as crucial determinants and biomarkers of cardiovascular fibrosis \[[@CR1], [@CR5], [@CR6], [@CR30], [@CR32]\]. In particular, miR-122 has been implicated in the progression of fibrosis and acts as a circulatory biomarker in hypertension and HF \[[@CR1], [@CR6], [@CR17], [@CR18], [@CR33]--[@CR37]\]. We previously demonstrated that miR-122 overexpression exacerbated the loss of autophagy and increased cellular migration, apoptosis, extracellular matrix deposition mediated by angiotensin II by modulating the SIRT6-ELA-ACE2, leucine-rich repeat-containing G-protein-coupled receptors 4 (LGR4)-β-catenin, and TGFβ-CTGF signaling pathways (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR1], [@CR6]\], indicating that miR-122 inhibition is a promising therapeutic strategy for cardiac fibrosis and dysfunction. Surprisingly, the levels of circulating exosomal miR-122 were positively associated with cardiac dysfunction in patients with HF with a reduced left ventricle (LV) ejection fraction (EF) and elevated levels of NT-proBNP \[[@CR36]\]. A recent study demonstrated that miR-122 was highly expressed in cultured H9C2 cells under hypoxia/reoxygenation, and overexpression of miR-122 by recombinant adeno-associated infection significantly augmented the apoptosis of H9C2 cells \[[@CR37]\]. In contrast, inhibition of miR-122 attenuated pathological cardiac remodeling and decreased cell apoptosis in myocardial ischemic injury \[[@CR37]\]. In cultured neonatal rat ventricular myocytes (NRVMs), overexpression of miR-122 by miR-122 mimics increased the size of CMs and hypertrophic gene expression, but downregulated the expression of anti-hypertrophic genes upon Ang II stimulation (Table [1](#Tab1){ref-type="table"}) \[[@CR18]\]. Intriguingly, bioinformatics analysis and luciferase reporter assays revealed that miR-122 directly targets FoxO3 (Fig. [2](#Fig2){ref-type="fig"}). Moreover, miR-122 was found to decrease FoxO3 levels but promote activation of the calcineurin signaling pathway, implying that miR-122 accelerates the development of cardiovascular hypertrophy and remodeling via modulation of the FoxO3-calcineurin pathway (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR18]\]. Thus, miR-122 inhibition might be a promising field for the therapeutic approach in cardiovascular fibrosis and related diseases.

Roles of MiR-122 in Hypertension {#Sec4}
================================

Hypertension is a complex cardiovascular syndrome, while its pathogenesis is closely related to abnormalities in miRs and the renin-angiotensin system (RAS) \[[@CR1], [@CR6], [@CR17], [@CR18], [@CR32], [@CR36]--[@CR39]\]. MiR-122 plays a key role in the regulation of cardiovascular fibrosis and endothelial function during hypertension (Table [1](#Tab1){ref-type="table"}) \[[@CR1], [@CR17], [@CR18], [@CR37], [@CR38]\]. Intriguingly, stimulation with Ang II markedly increased the expression of miR-122 in NRVMs \[[@CR36]\]. Our previous study demonstrated that administration of a miR-122 inhibitor effectively prevented the loss of autophagy and increased cellular proliferation, migration, apoptosis and cardiovascular fibrosis induced by Ang II via modulation of the SIRT6-ELA-ACE2, LGR4/β-catenin and TGFβ1-CTGF-NFAT5 signaling pathways (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR1], [@CR6]\]. Intriguingly, miR-122 was identified as an independent predictor of renovascular hypertension linked with increased collagen deposition and cardiovascular fibrosis. Administration of a miR-122 mimic led to a marked increase in BTB and CNC homology 1 transcription factor (Bach-1) expression in mesangial cells \[[@CR17]\]. In contrast, inhibition of miR-122 blunted expression of the proinflammatory factors Bach-1 and MCP-1 and the profibrotic factor collagen 1α1 in aged mice with Ang II-induced hypertension (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR17]\]. These data suggested a crosstalk between miR-122 and the RAS in the control of fibrosis, inflammation and remodeling during hypertension.

MiR-122 has been implicated in occurrence and development of hypertension and HF \[[@CR1], [@CR6], [@CR19], [@CR20], [@CR40]--[@CR42]\]. Elevated levels of plasma miR-122 were found in patients with essential hypertension, especially younger patients with hypertension \[[@CR19]\]. Overexpression of miR-122 resulted in endothelial dysfunction by suppressing the expression of cationic amino acid transporter 1, which destroyed the endothelial structure, increasing risk factors for cardiovascular dysfunction during hypertension (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR19]\]. MiR-122 levels were also significantly upregulated in patients with hypertension, indicating the role of miR-122 as predictive hazard factor in cardiovascular homeostasis and disorder \[[@CR19], [@CR20], [@CR40]--[@CR42]\]. MiR-122 plays a critical role in the development of the bicuspid aortic valve (BAV) and aortic dilation by promoting the apoptosis of ECs and cardiovascular remodeling via the activation of TGF-β-VEGF signaling pathways (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR20]\]. Intriguingly, bioinformatics analysis and luciferase reporter assays revealed that miR-122 directly targets SIRT6 and attenuates the level of SIRT6 (Fig. [2](#Fig2){ref-type="fig"}) \[[@CR43]\]. Our previous work revealed that SIRT6 overexpression strikingly promotes cardiac levels of pAMPKα and ACE2 and decreases fibrotic gene levels of CTGF, TGFβ1, collagen I and collagen III, leading to alleviation of Ang II-induced pathological hypertrophy, myocardial fibrosis, cardiac ultrastructural injury and dysfunction in hypertensive rats \[[@CR44]\]. MiR-122, which is expressed in a variety of cardiovascular system cell types, can regulate gene expression at the posttranscriptional level and plays an important role in the occurrence and development of cardiovascular diseases (Fig. [1](#Fig1){ref-type="fig"}). Furthermore, miR-122 was implicated in cardiorenal injury and vascular remodeling in spontaneously hypertensive in African green monkey and rat models of renovascular hypertension by regulating lipoprotein metabolism and cholesterol homeostasis \[[@CR45], [@CR46]\]. Taken together, these findings show that the inhibition of miR-122 exerts protective effects against cardiovascular fibrosis and dysfunction during hypertension.

Roles of MiR-122 in Atherosclerosis {#Sec5}
===================================

Atherosclerosis is a chronic inflammatory vascular disease characterized with abnormal cholesterol metabolism, an abnormal inflammatory response, endothelial dysfunction, apoptosis and VSMC proliferation \[[@CR11], [@CR20], [@CR47]\]. MiR-122 is a well-known marker of cardiovascular events and a good predictor of atherosclerosis. MiR-122 levels were shown to be upregulated in patients with atherosclerotic lesions, and serum miR-122 levels were positively correlated with atherosclerotic severity \[[@CR20], [@CR48], [@CR49]\]. In fact, miR-122 promotes proinflammatory factors and oxidant injury in the liver and cardiovascular system \[[@CR10], [@CR12], [@CR13]\]. Thus, potential usage of miR-122 antagonism in treatment of inflammatory injury may represent a novel therapeutic approach for atherosclerosis. Moreover, apoptosis in ECs is the basis of pathophysiology of atherosclerosis \[[@CR13], [@CR45], [@CR49]\]. In apolipoprotein E deficient mice fed a high-fat diet, miR-122 expression was increased in aortic ECs. In addition, miR-122 inhibitor strikingly suppressed ox-LDL-induced apoptosis of human aortic ECs, suggesting the anti-apoptotic role of miR-122 inhibition under pro-atherogenic conditions \[[@CR49]\]. Further evidence revealed that the X-linked inhibitor-of-apoptosis protein (XIAP) is directly targeted and suppressed by miR-122 in ECs. More importantly, XIAP knockdown diminished the pro-apoptotic effect of miR-122, indicating that XIAP is a prominent target that mediates miR-122-mediated regulation of EC apoptosis (Fig. [3](#Fig3){ref-type="fig"}) \[[@CR49]\]. Notably, miR-122 has been identified as a possible risk factor for recurrent cardiovascular events in ACS and cerebral ischemic events \[[@CR50]\]. MiR-122 was found to mainly originate from circulating ECs and monocytes and was increased in patients with AMI compared with patients with unstable angina \[[@CR51]\]. Thus, miR-122 may serve as a positive regulator of EC apoptosis induced by atherogenic factors, suggesting its use as a noninvasive diagnostic biomarker and potential treatment for therapeutic interventions for atherosclerosis, ACS and other atherosclerotic heart diseases.

Roles of MiR-122 in Heart Failure {#Sec6}
=================================

Myocardial fibrosis and remodeling are the key causes of HF. Physiological, pharmacological and clinical studies have demonstrated that abnormal miRs and activation of the RAS are important mediators of the progression of HF, which is the end stage of cardiovascular disease and leads to systolic and/or diastolic dysfunction in the heart \[[@CR2], [@CR32], [@CR47], [@CR52], [@CR53]\]. These effects include blood stagnation in the venous system and insufficient perfusion in arteries in the cardiovascular system. Myocardial fibrosis was associated with higher long-term mortality in patients with HF \[[@CR2], [@CR39]\]. Recently, we demonstrated that Ang II triggered increased apoptosis and reduced of SIRT6, ELA and ACE2 levels in rat AFs, which were exacerbated by the overexpression of miR-122-5p via miR-122-5p mimic but were prevented by administration of miR-122-5p inhibitor \[[@CR1]\]. Notably, miR-122 mimics significantly reversed the ELA-mediated beneficial effects on apoptosis and autophagy imbalance in rat AFs, accompanied with decreased AMPK phosphorylation and elevated mTOR phosphorylation level (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR1]\]. In addition, pretreatment with apelin-13 inhibited Ang II-induced cardiac fibrosis in rats with HF by blocking collagen production and activating the TGF-β-CTGF signaling pathway \[[@CR2], [@CR54]\]. Importantly, the upregulation of ACE2 mediated by SIRT6 and apelin is a key mechanism by which the RAS, cardiovascular fibrosis and HF are inhibited \[[@CR2], [@CR44], [@CR52], [@CR53]\]. ACE2 is a negative receptor of RAS and a coreceptor for severe respiratory syndrome coronavirus 2 (SARS-CoV2), which causes entry for the novel coronavirus disease 2019 (COVID-19) pneumonia \[[@CR1], [@CR39]\]. The major contributor to progressively worsened systemic manifestations of COVID-19 was due to imbalance of the Ang-(1--7)/Ang II through a loss of functional tissue ACE2, leading to severe inflammatory storm \[[@CR39]\]. In pre-clinical models and clinical populations, recombinant human ACE2 use in patients with HF led to improvement of pathological hypertrophy, fibrosis, inflammation, oxidant injury and heart dysfunction, reflecting ACE2-mediated cardiac protective impacts \[[@CR2], [@CR39], [@CR52], [@CR53]\]. The apelin/ACE2 pathway has been implicated in hypertension and HF, making it a promising therapeutic target \[[@CR1], [@CR2], [@CR6], [@CR52], [@CR53]\]. Recently, miR-122-5p was shown to be increased in a rat model of postinfarction HF, and the pro-apoptotic role of miR-122-5p was revealed \[[@CR55]\]. Furthermore, in addition to its role as a clinical risk factor, miR-122 has been implicated as a prognostic biomarker and increases NT-proBNP level. An elevated level of miR-122 was significantly associated with right ventricular dysfunction and could predict all-cause and cardiovascular mortality, especially improving HF risk stratification of patients with reduced LVEF (Table[.1](#Tab1){ref-type="table"}) \[[@CR21]\]. However, lower fluctuating serum miR-122-5p levels were observed in patients with acute HF, indicating that miR-122-5p may be linked with acute cardiac decompensation through treatment courses \[[@CR54]\]. Thus, miR-122 may be an independent risk factor for the development of chronic and acute HF.

Roles of MiR-122 in Myocardial Infarction {#Sec7}
=========================================

Circulating miR-122-5p is considered a promising novel diagnostic biomarker for patients with acute MI \[[@CR50], [@CR56]--[@CR59]\], as levels of miR-122-5p have been found to be obviously increased in patients with acute MI \[[@CR56]--[@CR59]\]. Circulating miR-122-5p expression was increased in AMI patients at 4, 8, 12, and 24 h after MI compared to non-AMI controls and displayed a trend similar to that of cTnI levels concentrations in AMI patients \[[@CR56]\]. Ischemic cell death leads to the formation of damaged tissue in the heart, which is replaced with a fibrotic scar produced by fibroblasts and myofibroblasts, eventually resulting in scarring, cardiac fibrosis, and remodeling \[[@CR2], [@CR26]--[@CR29]\]. Fibrosis during MI can be classified as reactive or replacement fibrosis. Importantly, reactive fibrosis at the infarct border zone and the remote uninjured myocardium, leads to chamber compliance alteration, increased ventricular stiffness and compromised cardiac output \[[@CR22], [@CR47]\]. Replacement fibrosis refers to scar formation, a critical process for preventing bursting of the ventricular wall after ischemic insult during MI \[[@CR22], [@CR60]\]. In addition, an elevated ratio between circulating miR-122-5p/miR-133b is a specific early prognostic biomarker in acute MI \[[@CR57]\]. Therefore, miR-122 is emerging as a prognostic biomarker of infarct size and cardiac dysfunction in MI. Overexpression of miR-122 remarkably attenuated *Lycium barbarum* polysaccharide (LBP)-mediated protective activity in hypoxia-injured H9C2 cells, while the inhibition of miR-122 accelerated LBP-mediated protective activity \[[@CR60]\]. Surprisingly, the LBP-induced activation of the phosphorylated extracellular signal-regulated kinase (ERK) and AMPK signaling pathways was attenuated by miR-122 overexpression and accelerated by miR-122 suppression \[[@CR60]\]. An in vivo investigation revealed that, the administration of anti-miR-122 decreased infarct size and improved cardiac function in MI rats associated with improvements to the LVEF and left ventricular fractional shortening, indicating that miR-122 inhibition may have potential for the prevention and treatment of acute MI (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR60]\]. Overexpression of miR-122 by miR-122 mimics inhibited cellular viability and promoted the apoptosis of CMs, while miR-122 knockdown promoted cell viability and inhibited apoptosis \[[@CR61]\]. MiR-122-5p significantly reversed the beneficial effects of salvianolate on cardiac injury in rats with increased Bax and caspases-3 expression and decreased of Bcl-2 expression \[[@CR23]\]. The inhibition of miR-122 participates in the regulation of CM injury during oxygen and nutrient deprivation in acute MI through the activation of Akt/mTOR signaling and inactivation of the JNK/p38MAPK pathway. In contrast, the activation of miR-122 prevents cell survival and promotes cellular apoptosis during myocardial ischemia/reperfusion. Furthermore, miR-122 has been confirmed to be involved in cardiac repair, impairing epicardial expansion, and epithelial-mesenchymal transition through activation of the Akt/GSK-3β/β-catenin signaling pathway, eventually resulting in a rapid decline in cardiac function (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR23], [@CR24]\]. MiR-122 was highly expressed in the border zone of the ischemic myocardium in acute MI pigs without ventricular fibrillation compared with pigs in a sham group. MiR-122 was decreased in platelets and increased in PBMCs from the acute MI pigs \[[@CR50]\]. These results suggest that miR-122 inhibition in controlling CM proliferation, apoptosis and cardiac dysfunction in MI.

Roles of MiR-122 in Atrial Fibrillation {#Sec8}
=======================================

MiR-122 has been shown to predict the risk of atrial fibrillation \[[@CR25], [@CR62]\]. Atrial fibrillation is associated with atrial structural, electrical, and contractile remodeling and atrial fibrosis, which is denoted by the deposition of ECM. Fibrous scarring and interstitial fibrosis in the heart decrease cardiac contractility, subsequently interfering with the normal electrical function of the heart, resulting to occurrence and development of arrhythmia \[[@CR25], [@CR63]\]. Surprisingly, compared with those in mice in sham-operated and control groups, miR-122 levels were significantly increased in male C57BL/6 mice with atrial fibrillation, and this increase was significantly decreased by transfection with the miR-122 inhibitor \[[@CR63]\]. CM viability was increased and the CM apoptosis rate was significantly decreased following miR-122 transfection. In addition, miR-122 inhibition upregulated expression of the anti-apoptotic protein Bcl-x and downregulated expression of the pro-apoptotic protein caspase-3 and the phosphorylation of ERK1/2 (Table [1](#Tab1){ref-type="table"}; Fig. [3](#Fig3){ref-type="fig"}) \[[@CR25]\], that implicating miR-122 in the molecular mechanisms underlying the proliferation and apoptosis of CMs in atrial fibrillation.

Conclusion {#Sec9}
==========

MiR-122 appears to be a direct participant in the deteriorating cardiovascular system by promoting inflammation, oxidative stress, apoptosis and ECM deposition in various cardiovascular diseases. Clinical and experimental studies clearly support the physiological and pathophysiological roles of miR-122 in cardiovascular fibrosis and dysfunction. MiR-122 overexpression exacerbates the loss of autophagy and increased inflammation, apoptosis, extracellular matrix deposition, cardiovascular fibrosis and dysfunction mediated by Ang II. Most importantly, the inhibition of miR-122 can act as antifibrotic, anti-apoptotic, anti-inflammatory, antioxidant and proautophagic functions. Targeting the miR-122 has emerged as a prewarning biomarker and novel therapeutic approach against progression of cardiovascular fibrosis and related diseases and an increased understanding of cardiovascular actions of the miR-122 will help to develop effective interventions.
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